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We, X&avt Foods Company, a corpora- 
tion organised under the laws of the 
State of Delaware, United States of 
America, of 500 Peshtigo Court, City of 
5 Chicago, State of Illinois, United States 
of America, do hereby declare the nature 
of this invention, and in what manner 
the same is to he performed, to be par- 
ticularly described and ascertained in and 

10 by the following statement: — 

This invention relates to tho purifica- 
tion of oil, and more particularly, to a 
process for deodorizing edible glyceride 
oils to produce improved oils and recover- 

15 ing from the oil, after vaporization and 
condensation, a concentrate of valuable 
by-products. The invention has par- 
ticular utility for the treatment of 
highly unsaturated, non-conjugated 

20 glyceride oils of the reverting type, such 
as "soya bean ail, since it produces edible 
oils which are stable against both 
rancidity and reversion and at the same 
time recovers from the oil the valuable 

26 by-products referred to above. 

In our copending application No. 
36578/49 (Serial No. 701,631) we have 
disclosed a process and apparatus for 
deodorizing oils of the type just discussed 

30 and recovering valuable by-products 
therefrom in which the oil is deodorized 
in a plurality of stages. In the preferred 
operation ot said application, the oil is 
steam treated under vacuum conditions 

35 at a temperature in the range of approxi- 
mately 435° to 440° F., in a first low 
temperature stage. It is then further 
steam treated under vacuum conditions 
in additional stages at progressively 

40 increased temperatures, reaching a tem- 
perature in tie range of 500° to 600° F. 
in the high temperature stage. The 
treating steam is bubbled through 
shallow baths of the oil in each stagre 
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and its escape from the oil is baffled to 45 
produce a mixing and separating action 
between the oil and staajn. The heating 
of the oil between stages or in tie stages 
themselves is carefully controlled to 
prevent a-ny local overheating of the oil. 50 
The oil is continuously flowed through 
such stages and upon removal from the 
final high temperature stage i s then 
treatwl in a plurality of similar stages 
at progressively lower temperatures with 55 
steam under high vacuum conditions. In 
such process the oil is subject to substan- 
tially higher temperatures in the high 
temperature stage than had been found 
possible in prior deodorizing operations. 
The time of treatment in the high tem- 
perature stage is, however, held to such 
a short period of time, for example 15 to 
30 minutes, that the glycerides of the 
oil itself are not diaonaged but the 65 
materials causing* reversion are removed 
or modified in the process. A bland oil, 
stable' against both reversion and ran- 
cidity is produced, and in addition, the 
high temperature and vacuum as well as 70 
the effective contact of steam with the 
oil Enables substantial amounts of 
valuable by-products to be vaporized 
from the oil and condensed as a concen- 
trate. 75 

The present invention provides a 
process of deodorizing glyceride oils, 
which comprises, rapidly beating said 
oil to a temperature of not less than 
500 3 F., successively subjecting shallow go 
pools of oil while at said temperature to 
steam treatment under vacuum condi- 
tions, discontinuing said treatment at 
said temperature before damaging the 
glycerides of said oil, and thereafter 
successively treating said shallow pools of 
oil with steam under vtienium conditions 
at progressively lower temperatures, the 
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final temperature of said treating at said 
lower temperature being not higher than 
approximately 350° F. 

In accordance with the present inven- 
5 tion, we have found that the oil being- 
deodorized may have its temperature 
raised immediately to the high tempera- 
tures discussed above and may then be 
subjected to steam treatment in a shallow 
10 bath under high vacuum conditions in a 
deodorizing stage if steam treatment is 
continued at progressively lower tem- 
peratures after the high temperature 
stage. By carefully controlling the con- 
15 ditions during heating of the oil so as not 
to produce local overheating thereof, and 
also by treating the oil in stages at 
progressively lower temperatures with 
steam and under high vacuum conditions 
20 a bland oil of high quality stable against 
both reversion and rancidity may be 
produced while at the same time 
vaporized impurities are recovered as a 
valuable by-product concentrate. The 
25 process in the present invention results 
in a considerable simplification of the 
apparatus employee! as well as a con- 
siderable saving in the amount of steam 
'required to treat the oil in comparison 
30 with prior processes. Furthermore, the 
oil is subjected to high temperatures, i.e. 
temperatures above approximately 400* 
F. for a substantially lesser time than is 
the case in the process of the aforesaid 
35 copending application. The treatment in 
stages at progressively rising tempera- 
tures as contemplated in the prior process 
of the said copending application has 
certain advantages in "that heat-sensitive 
40 materials are removed or modified at the 
lower temperatures in the deodorizing 
stages before they are subjected to high 
temperatures, but the lesser time at 
which the oil need be subjected to the 
45 high temperatures in the present process 
is likewise an advantage such that nils 
produced in the present process are equi- 
valent to or better than the oils produced 
in the' process of our said copending 
80 application, and the by-products are 
similar in quality and amount to those 
produced by the process of said copend- 
ing application. 
The present process also has utility for 
56 the treatment of edible oils which" are 
commercially considered to be relatively 
non-reverting, such as cottonseed, corn 
oil, peanut oil, sunflower seed oil and 
sesame seed oil- It makes possible the 
60 rapid and continuous deodorization of 
such oils at less expense than conven- 
tional batch procedures. Also, the 
valuable by - products recovered from the 
oil make the process profitable even 
65 though such oils may be satisfactorily 



deodorized by conventional prior pro- 
cesses. Certain glyceride oils which are 
highly conjugated and which rapidly 
polymerize, for example, tung oil, are 
not suitable for treatment by the present 70 
process, but such oils are not classed a* 
edible oils. In general, the preseut 
process can be advantageously employed 
for the treatment of substantially all 
glyceride oils recognized as edible oils, 75 
including animal and fish oils, either by 
reason of the improved oil produced, or 
the valuable products separated from the 
oil and recovered, or both. 

The present invention is primarily 80 
concerned with, although it is not 
limited to, the treatment of 'glyceric^ 
oils which have been previously refined, 
for example, bv alkali refining, to 
remove most of tie impurities contained 85 
therein. After alkali refining, such oils 
contain only a very small amount of resi- 
dual impurities, usually not greater 
than about 1.0 to 1.3%, but these 
residual impurities include most, if not 90 
all, of the" materials which produce the 
characteristic odor and taste of a 
particular oil. Most of the residual 
impurities are materials classifiable fis 
unsaponifiables, and there is usually a 06 
small amount of free fatty acids. As an 
example, the residual impurities in soya 
bean oil include colouring matter, toco- 
pherols and sterols, as well as various 
other complex compounds many of which 100 
have not been identified. 

Most of the coloring matter can be 
removed from even highly colored 
glyceride oils by treatment" with an 
adsorbent such as fuller's earth, acliv- 10& 
ated clay, or activated charcoal. Even an 
extremely dark oil, such as cottonseed 
oil may usually be brought to a light 
yellow color bv this procedure. Treat- 
ment of orl with the conventional nil 110 
adsorbents noted above does not, how- 
ever, remove the materials which impart 
the characteristic taste and odor to a 
particular oil, and it is for this reason 
that the deodorization of glyceride oils 116 
which are to be used for food purposes 
has been considered essential. Moreover, 
even after deodorization by the pre- 
viously known process, the deodorized 
oil may later develop objectionable odor 120 
or flavor, or both, in accordance with the 
phenomenon which the industry com- 
monly designates as 1 'reversion/' 

It h to be noted that the term reversion 
as employed in the edible oil art 's not 125 
strictly accurate. This term connotates a 
return after deodorization to the original 
flavor of the oil introduced into the 
deodorizing process. The flavor which 
does develop in a reverting oil upun 130 
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standing after deodorizatiou is ordinarily 
not identical with the flavor of the oil 
introduced into the deodorizing process, 
and the term reversion is loosely used to 
5 mea.n the development after a time delay 
af any "offi flavor" other than a rancid 
flavor. A reverting oil is, therefore, any 
oil which can be initially deodorized to 
a bland oil but whioh develops an off 

10 flavor other than a rancid flavor upon 
storage either as a body of oil or as part 
of an edible product. The reason for the 
reversion of soya bean and other glyceride 
oik is not wholly understood. 

15 Soya bean oil presents a particularly 
difficult problem with respect to the 
development of objectionable odor and 
taste by the reversion phenomenon. In 
fact, the lack of stability of soya bean 

20 oil, particularly with respect to reversion 
after it has been subjeced to prior 
deodorizing processes, has seriously 
limited its use in human foods. The 
process of out copending application. 

25 supra, and the present process are 
believed to be the first to consistently 
effect the deodorization and- stabilization 
of soya bean oil so as to make it useful as 
a high quality human food. The present 

30 invention, is, itherefore primarily 
directed to the treatment of soya bean 
oil, although any of the edible glyceride 
oils, including animal, fish and vegetable 
oik, as well as hydrogenated oils of the 

35 types mentioned, may be advantageously 
treated by the process of the present 
invention. 

As previously indicated, the process of 
the present invention does not require 

40 that the glyceride oil being treated shall 
be an alkali-refined oil. It is necessary 
merely that the oil be sufficiently free 
from gums so that the heat-precipitated 
gums do not deposit in or clog the 

45 deodorizing system. Thus, degummed 
oils as well as oik which are initially 
free from gums, such as certain types of 
solvent extracted oik or solvent treated 
oik, may be subjected to the treatment 

50 of the present invention without previous 
alkali refining. 

One of the best known of the prior 
processes for deodorizing refined soya 
bean oil, and most other edible oils, has 

56 conventionally comprised the heating of 
a large batch' of the oil, for example 
30,000 lbs., to a relatively high tem- 
perature in a vertically extending still. 
Temperatures as high as 400° F. and 

60 even in extreme cases, temperatures as 
high as 475" F., have been employed in 
such processes. Oil at ambient tempera- 
tures m or oil heated to' moderately 
elevated temperatures, has been intro- 

65 duced into fihe still so as to occupy 



approximately one-half of the volume 
thereof. A vacuum, within the range of 
from about 28 to 29 inches of mercuTy, 
has been produced in the space above the 
oil and the oil heated as rapidly as 70 
possible to the temperature desired by 
means of heating coik in the still or heat- 
ing jackets around tihe still. Steam has 
been bubbled upwardly through this deep 
body of oil, from the lower portion 75 
thereof, to assist in vaporising the odor 
and taste bodies and the oil has been 
held at the high temperatures during 
treatment with steam and under vacuum 
for periods of time ranging from four to 80 
ten hours, depending upon the nature of 
the oil and the temperatures employed. 
A deep body of oil, suoh as 8 to 10 feet, 
has been empolyed primarily to prevent 
the violent splashing and surging of the 85 
oil which ordinarily takes place when 
steam is released into a shallow body of 
belated glyceride oil under vacuum con- 
ditions. Under these conditions vaporiza- 
tion of impurities is probably effected in 90 
the upper few inches only of the body of 
the oil, because of the increased pressure 
in the lower portions thereof, due to the 
hydrostatic head of "the oil, and an 
extended time of treatment at high tern- 96 
peratures has been required to remove 
volatile impurities. 

With most oils, it has been possible to 
initially produce a bland, substantially 
odorless and tasteless oil in such batch 100 
processes without serious modification of 
the glyceride of the oil. There has been 
however, a considerable amount of soya 
bean oil which has not been capable of 
even initial deodorization by the prior 106 
batch process abovei described. With such 
oils, it has been found that the tempera- 
ture and time of treatment necessary to 
remove the odor and taste bodies from 
the oil will seriously damage the oil 110 
before the' odor and taste producing 
niateriak have been adequately removed! 
Thus, in treating these oik, the opera- 
tors, have in general, limited the time 
of treatment, and the temperature of the 115 
oil during treatment, to prevent oil 
damage, but in so operating, they have 
been unable to satisfactorilv deodorize 
the oils. In such instances the resulting 
oils are not marketable as edible oils "arid 120 
constitute a serious loss to the oil refiner. 

From the above, it is not to be under- 
stood that all soya bean oik cannot be 
rnitially converted into a bland oil by 
prior processes. Many soya bean oils are 125 
susceptible tc batch deodorizing in the 
sense that the oil withdrawn from the 
deodorizer is substantiallv odorless arid 
tasteless. Nevertheless, sucih oils invari- 
ably exhibit the reversion phenomenon 130 
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and develop an undesirable odor and 
taste subsequent to the deodorization 
process. 

As noted above, the process of the 
5 present invention makes possible the 
deodorization of soya bean and other 
glyceride oils so as to produce a bland 
substantially odorless and tasteless oil 
which is substantially free from any 
LQ tendency to revert at ordinary tempera- 
ture, and which has greatly increased 
stability against reversion at elevated 
temperatures. In accordance with the 
present process, small quantities of oil are 
15 carefully heated to a temperature much 
higher than that employed in conven- 
tional prior processes. The oil is then 
introduced . into a high temperature 
deodorizing stage in which the oil is 
!£0 maintained in a shallow stream or pool 
while intimate contact with steam and 
while being subjected to a high vacuum. 
The term "small quantifies* ' as used 
herein refers both to the amount and 
2d depth of the oil when compared with the 
conventional batch deodorization opera- 
tions described above. After passing 
through suoh high temperature deodoriz- 
ing stage, the temperature of the oil is 
30 rapidly reduced conveniently by stage 
cooling to a predetermined temperature, 
the oil being treated with steam under 
vacuum conditions at progressively lower 
temperatures. 
35 Contrary to expectation, the most 
critical portion of the heating cycle has 
been found to be the initial portion 
thereof, i.e., from ambient temperatures 
up to about 350° to 400° F. At low tem- 
40 peratures the oils are quite viscous and 
tend to form stationary or nearly station- 
ary films on heated surfaces with which 
they are brought into contact. Even in 
carefully designed heat-exchangers 
45 employing smooth heating surfaces of 
large area and a low differential^ between 
the heating medium and the oil. such 
films Temain in contact with the heat 
surfaces for sufficient length of time to 
60 damage portions thereof. Any residual 
gums present, no matter how small in 
amount, collect in such films and may 
even build up considerable thickness to at 
least partially clog heaters for heating 
55, oil in a continuously flowing stream. The 
deposited material reduces heat exchange 
efficiency and eventually is burned or 
scorched, or otherwise deleteriously heat- 
modified. Portions of this material even- 
60 tually break away from the heated 
surfaces unless the plant is frequently 
shut down and the critical heaters 
thoroughly cleaned. The present inven- 
tion contemplates an improved initial 
65 heating operation for overcoming these 



difficulties. The final or high tempera- 
ture portion of the heating operation is 
also critical and care must be exercised 
not to heat any portion of the oil therein 
materially above the average tempera- 70 
toe of the oil in that particular part of 
the process. 

By the present invention, the total 
time of heat treatment of the oil at 
elevated temperatures, i.e. temperatures Ih 
above 400° 1\, can be very much 
shortened over prior processes of our 
said copending application. The time of 
treatment at the high temperature must 
be made sufficiently short that the oil go 
iself is not deleteriously modified despite 
the high temperatures employed. Even 
oils which have not been successfully 
deodorized in prior conventional pro- 
cesses or which are' not susceptible to 85 
such deodorization can be successfully 
treated by the present process so long as 
the glycerides constituting the main bulk 
of the oil have not been modified or 
damaged by prior treatment at too high 90 
a temperature or for too long a period of 
time at such high temperatures. 

Apparently the process of the present 
invention accomplishes the desired result 
of producing a stable, non-reverting 95 
deodorized oil by a number of inter- 
related although differing changes in the 
oil under treatment. While it is generally 
assumed that the objectionable taste and 
odor, which develop during the reversion 100 
of deodorized glyceride oils, results from 
a chemical change in one of the so-callerl 
impurities, i.e., from a chemical change 
in one of the materials from the group 
including the sterols, tocopherols and 105 
other of the unsaponinables, it is possible 
that some of this taste and odor may 
result from a change in some of the 
more complex glycerides constituting a 
part of the main bulk of the oil. The 110 
steam distiUation process of the present 
invention may accomplish the desired 
Tesults by straight vaporization of the 
material which would otherwise cause 
undesirable odor and taste, by possible 115 
cracking and vaporization of such 
materials or by polymerization of various 
of these materials. Whether all three 
occur in the treatment of any jriven oil 
or whether other action takes place, is J20 
not fully understood. The pressures and 
temperatures used in the process are such 
that direct vaporization, cracking and 
subsequent, vaporization or polymeriza- 
tion of the unwanted materials can occur 125 
and if one ot more of these is necessary 
to remove or to modify the odor and 
taste producing materials causing rever- 
sion, the capability is present in the 
process. 130 
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The success of the present process 
appears to be largely due to the manner 
in which the oil is treated after having 
been passed through the high tempera- 
5 ture deodorization operation. Apparently 
some cracking of small portions of the 
glycerides or other materials into 
volatile products takes place during the 
high temperature treatment of the oil 
10 and these cause an unpleasant odor and 
taste to be developed in the oil unless 
treatment with steam under vacuum 
conditions is continued at progressively 
decreased temperatures until -the teni- 
15 perature of the oil is reduced to below 
approximately 350° F. Thus by cooling 
the highly heated oil under" vacuum 
conditions in intimate contact with 
steam or by cooling the oil in stages by 
20 passing the oil alternately through 
cooling and steam treating chambers 
maintained under high vacuum condi- 
tions, the volatile materials produced by 
the high temperature treatment are 
25 removed substantially as fast as they are 
formed. For example, glvceride oils 
heated to 500°— 600° F. can be quickly 
cooled in the absence of steam to about 
400-450° F., subjected to effective 
30 steam distillation under vacuum condi- 
tions, again quickly cooled in the absence 
of steam and again given a steam distil- 
lation treatnueoit, etc. The first steam 
distillation treatment should not be 
35 substantially below 400° F. and the last 
steam distillation treatment should not 
be above approximately 350° F. and 
should preferably be at a somewhat 
lower temperature. 
40 . The odor and taste due to the cracking 
or other action mentioned above is rub- 
bery in nature and may be called a 
'"cooked" or hot oil flavor. It increases 
rapidly with the time during which the 
46 oil is held at elevated temperatures 
when out of intimate contact with 
steam. Even a few seconds time at tem- 
peratures in the neighbourhood of 550° 
F. or higher while the oil is flowing 
50 through a pipe to a cooler Or the short 
delay in even a flash cooler before the 
oil temperature dro»ps will caiise an 
appreciable off flavor to bo developed and 
such fllavor will develop in slightly 
55 greater perkids of time at 500° F. How- 
ever, if the oil is cooled from the final 
temperature reached in the last deodoriz- 
ing stage in accordance with the 
procedures discussed above, the volatile 
60 materials causing the unpleasant odor 
and taste are withdrawn from the oil 
substantially as soon as they are formed. 

The reversion phenomenon is also 
encountered in connection with hydro- 
65 genated or hardened oils. Tn general, 



hydrogenated oils, when they are 
removed from the hydrogenating appara- 
tus, have an odor and taste which is 
similar to the cdor of a. snuffed tallow 
candle, and in order to remove this odor. 70 
and taste, so as to permit the use of the 
oil for edible purposes, all hydrogenated 
oils, subsequent to the hydrogen,ition 
operation, have been subjected to a 
deodorization process. Conventionally, a 75. 
batch deodorizing process as described 
above, has been used. The oil after 
removal from the deodorizer is usually 
substantially odorless and tasteless but 
upon standing an undesirable odor and 80 
taste may again develop, i.e., the oil 
reverts. An undesirable odor and taste 
may also develop when the oil is heated 
to high temperatures, for example, tem- 
peratures of the order employed in frying 95 
or baking*, bxit all soya bean and many 
other hydrogenated oils deodorized by 
prior processes revert at much lower 
temperatures. 

By subjecting glyceride oils which 90 
are to be subsequently hydrogenated as 
disclosed in our copending Application 
So. 26579/49 (Serial No. 701,632) to the 
high temperature deodorizing process of 
the present invention the oils axe so 95 
conditioned as to nullify the capabilities 
of the reversion producing materials to 
cause objectionable cdor and taste in the 
oil after hydrogenation. It is still neces- 
sary to deodorize the oil after the hydro- 100 
genation treatment following deodoriza- 
tion by the present process in order to 
remove the flavor developed during 
hydrogenation but this deodorization 
may be a relatively mild treatment, for 106 
example, in the conventional batch 
process although continuous deodoriza- 
tion pro cesses may be employed. 

In addition to producing a. highly 
stable deodorized oil, the present proce3SHQ 
removes substantial amounts of impuri- 
ties from the oil by vaporization of these 
materials and recovers these materials as 
a valuable by-product of the process. The 
vaporized materials are condensed in the 115 
vacuum system as an aid in maintaining 
the high vacuum contemplated in the 
process and are easily recovered as a 
concentrate containing large proportions 
of fat-soluble vitamins, " as valuable 120 
sterols and analogous compounds. The 
recovered concentrate forms a marketable 
product as a valuable source of vitamins, 
sterols, etc. 

It is therefore an object of the present 125 
invention to provide an improved process 
of deodorizing oil by which soya, bean 
and other reverting glyceride oils can be 
converted into* a substantially ' odorless 
and tasteless food product which is stable 130 
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against reversion and which, has its 
physical properties substantially unmodi- 
fied. 

Another object of the invention is to 
5 provide an improved deodorizing process 
in which an edible oil is brought into 
intimate contact with steam under high 
vacuum conditions at a high tempera- 
ture, followed by treatment with steam 
10 under high vacuum at progressively 
decreasing temperatures. 

A further object of the invention is to 
provide an improved high" temperature 
deodorizing treatment for edible oils in 
15 which a stable bland oil is produced and 
substantial amounts of valuable by- 
product are recovered. 

Other objects and advantages of the 
invention will appear in the following 
20 description of preferred embodiments 
thereof given in connection with the 
attached drawings, in which; 

Fig. 1 is a schematic diagram of an 
apparatus for carrying out a continuous 
2b deodorizing process in accordance with 
the jjresent invention; 

Fig. 2 is a somewhat diagrammatic 
vertical section through a steam treating 
and vaporizing chamber suitable for 
30 employment in the various stages of the 
process of Fig. 1; 

Fig. 3 is a vertical section through the 
steam treatment and deodorizing chamber 
taken on' the line 3—3 of Fig. 2; 
36; Fiff- 4 is a vertical cross-section 
through a preferred heat exchanger 
employed to teat the oil in the process 
of Fig, 1; 

Fig. y is a view similar to Fig. 3 
40 showing a modified steam treating and 
vaporizing chamber particularly useful 
for initial treating of the oil; and 



Fig. 6 is a fragmentary elevation of a 
finned heating tube of the chamber 
45; of Fig. 5. 

Referring more particularly to the 
drawings, and particularly to. Fig. 1, the 
oil to be deodorized may be withdrawn 
from a source of supply shown as a tank 
50 JO by the vacuum maintained in file 
system, as later described, and delivered 
into a constant level deaerating tank 11 
through a pipe 12 provided with a valve 
13 actuated by a float in a float cbamber 
55 14 connected to the tank il so as to main- 
tain a constant level of oil in the tank 11. 
The oil may flow by gravity through the 
remainder of the system although it will 
be understood that suitable pumps may 
60 be employed if the arrangement of the 
apparatus requires elevation of the oil to 
a higher level in any portion thereof. The 
oil may leave the tank 11 through a pipe 
^ 15 provided with a regulating valve lf5 
65 and may enter and flow through a heat- 
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ing chamber IT, later described in more 
detail, wherein the oil is initially heated 
under vacuum conditions while being 
agitated by steam. 

JL'he oil may leave the heating chamber 70 
17 by overflowing through a pipe 18 
connected to both the upper and lower 
portions of the chamber and flow through 
a plurality of heaters 19, 20 and 21 in 
series. A plurality of heaters is preferred 75 
instead of a single large heater, so that 
the application of heat to the oil may be 
carefully controlled, particularly in the 
last portion of the heating operation, for 
example, in the heat exchanger 21 in 
order to avoid any increase in tempera- 
ture in any portion of the oil substan- 
tially above the average temperature of 
the oil therein. Thus, controlled amounts 
of heating medium of controlled tem- 
perature may be passed through the 
various heat exchangers. Ordinarily, the 
heat exchange medium will be passed 
through the 'heat exchangers 19, 20 and 
21 in series countercurrent to the flow of 90 
oil, but it will be understood that addi- 
tions of heating medium of proper 
temperature or withdrawals of portions 
of the heating medium from the heating 
system between heat exchangers may be 95 
made in order to more closely control the 
heating effect in each heat exchanger. 

The preferred type of heat exchanger 
which is employed, particularly in the 
last heater 21, is shown in Fig. 4, which 1(H) 
is a fragmentary section through one of 
the passages of a heat exchanger. The oil 
to be heated is preferably passed between 
an outer tube 22 and an inner tube 23, 
the heating medium such as steam or 105 
heated oil being passed through the inner 
tube. The inner tube 23 is preferably 
provided with a plurality of longi- 
tudinally extending Rns 24 so as to pro- 
vide an extremely large heating area in 
contact with the oil being heated. 
Furthermore, sufficient length of finned 
tube heating elements is preferably 
provided in each heat exchanger to 
furnish several times the heating area 
usually considered necessary for adequate 
heat exchange. The type of heat 
exchanger illustrated, or other suitable 
types providing an extremely large heat- 
ing area in conjunction with the use of 120 
a heating medium which has a relatively 
low difference in temp era ture with respect 
to the oil in any cross-section of the heat 
exchanger enables the oil to be rapidly 
heated without overheating any portion 125 
thereof. Thus the heating medium enter- 
ing any of the heaters 19 to '21 will 
preferably have a temperature which at 
no time is greater than 100° F. above 
the temperature of the oil being dis- 130 
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charged from the heater, although in 
some instances a somewhat higher tem- 
perature differential is permissible in the 
lower temperature stages. 
5 If desired the oil in the heaters may 
be kept in contact with steam by intro- 
ducing a small amount of steam into the 
stream of oil entering the heater 19, for 
example, through the line indicated at 

10 25. The steam employed may be of the 
same character as that introduced into 
the deodorizing and steam treating 
chambers, as discussed in detail below, 
and the amount of steam introduced 

15 into the oil entering the heaters will 
ordinarly be a small fraction of that 
introduced into each chamber. The steam 
introduced into the oil passing- through 
the heater is released in the deodorizing 
chamber, as later described, and assists 
in separating vapors from the oil. In 
general, the amount of steam thus intro- 
duced into the heater may he approxi- 
mately 0.0001 lbs. per pound of oil 

2i5 passed through the system although this 
amount may vary from -approximately 
O.0O008 to 0.005 *lbs. per pound of oil 
passing through the system. The steam 
introduced into the beater produces 

30 turbulence in the oil flowing there- 
through and substantially prevents the 
formation of a quiescent film of oil in 
contact with the heating surfaces. In 
this connection, it is noted that in 

35 constructing the apparatus, it is essential 
to avoid pockets or traps in any portion 
of the system through wbicb the heated 
oil flows, not only to enable the system 
to be thoroughly cleaned, but to prevent 

40 any portions of the oils being trapped 
and subjected to higih temperatures for 
extended periods of time. 

The heated oil leaving the last beater 
21 will ordinarily have a temperature 

45 between 500° and 600° F. and preferably 
between 525° and 5*75° F. This oil is 
delivered directly into a deodorizing 
chamber 26 through a pipe 27. The 
preferred type of deodorizing chamber is 

50 shown in Figs. 2 and 3 and includes a 
horizontally extending cylindrical casing 
28 provided with a plurality of vapor 
draw-off ducts 29. A pipe 30 extending 
along the lower portion of the chamber 

56 may be employed for introducing steam 
into the body of oil, in the casing 28, 
and a baffle 31, which preferably com- 
prises a screen, is positioned somewhat 
below the axis of the casing. The heated 

60 oil * enters the deodorizing chamber 
through the pipe 27 preferably just 
below the level of the oil in the chamber, 
this level being maintained a short 
distance below the surface of the screen 

fi5 31 in the absence of steam entering 



through the pipe 30. The pipe 30 is 
preferably removable for cleaning and 
replacement and is provided with a 
plurality of small apertures 32 and 
preferably directed downwardly as illus- 70 
trated in Fig. 3. Steam escaping from 
tlie apertures 32 passes upwardly through 
the shallow body of oil in the deodorising 
chamber carrying the oil upwardly 
through the screen 31, as is discussed in 76 
more detail below. A baffle 33 suitably 
supported from the upper portion of the 
casing 28 may be provided adjacent each 
vapor duct 29 to assist in preventing 
entrainment of liquid oil in the vapors 
being withdrawn from the vapoiizing 
chamber. The casing 28 of the vaporising 
chamber is preferably provided with 
a removable man-hole cover 34 and 
a removable closure member 35 is prefer- 85 
ably provided to enable the screen 81 to 
be removed from the casing 28 for clean- 
ing or replacement. The screen 31 is 
preferably provided with longitudinal 
stiffening' members 36 along the sides on 
thereof engaging in guides 37 which may 
be integral with ot welded to the casing 
28. 

The thickness of the screen 31 as well 
as the size and spacing" of the perfora- 95 
tions therein has been greatly exag- 
gerated in Figs. 2 and 3 for clarity of 
disclosure, but in general, the screen 31 
will be made up of a thin plate of sheet 
metal having a large number of small 100 
holes thereithitough, these holes in 
general ranging from 0.02" to 0.08" in 
diameter and occupying between 20% 
and 40% of the area of the screen. For 
most oils the diameter of the holes in 105 
the screen is preferably about 0.031" and 
the holes occupy approximately 25% of 
the area of the screen. The apertures ^2 
m the pipe -27 are also small in diameter 
and are spaced along- the length of the 110 
pipe. For example, these apertures mm 
be approximately 0.031" in diameter anil 
spaced approximately 5" apart although 
the diameter may vary between approxi- 
mately 0.01" and 0.05" and the spacing 116 
may vary from approximately £" to 1(> 
inches. 

Referring again to Fig. 1, the oil 
treated m the vaporizing chamber 2-6 
overflows from this chamber through a 121! 
pipe 38 connected to the lower portion of 
the chamber and also to an upper por- 
tion thereof to provide a vent to th e space 
above the oil in the chamber. The pipe 
38 is positioned at the desired level of 126 
the od m the chamber, thus retaining 
the oil in the chamber at this level The 
oil discharged from the deodorizing 
chamber 26 through the pipe 38 passed 
through a cooler 39 in indirect' heat m 
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exchange with a suitable cooling' medium 
and enters a steam treating chamber 41 
through a pipe 27 which may be entirely 
similar to the pipe 27 supplying oil to 
5 the deodorizing chamber 26. The treated 
oil from the chamber 41 is discharged 
through a. pipe 38 in the same manner as 
the oil is discharged from the deodoriz- 
ing chamber 2b*. This oil is likewise 
10 cooled in a cooler 42 which may be 
similar to the cooler 39 and enters a, 
second steam treatment chamber 43 
through a pipe 27. The oil treated in the 
chamber 43 is discharged through a pipe 
15 38, passed through another cooler 44 and 
enters a third steam treating chamber 4fi 
through a pipe 27. The oil is discharged 
from the treating chamber 46 through a 
pipe 38, passed through a final cooler \1 

20 and may be delivered into a storage tank 
48 from which it may be withdrawn 
from the process by a pump 49. All of 
the deodorizing and steam treatment 
chambers 26, 41. 43 and 46 may be 

26 identical in construction and similar to 
the structure shown in I?igs. 2 and 3, 
steam being introduced into each cham- 
ber through the pipe 30. A convenient 
manner of arranging the deodorizing and 

30 steam treating chambers is illustrated in 
Fig. 1 such that the oil flows by gravity 
through the various chambers and 
coolers. 

The oil is maintained under a high 

35 vacuum in the deodorizing chamber 245. 
for example, at an absolute pressure 
between approximately § and 3 mm. of 
mercury by withdrawing- vapors from the 
deodorizing chamber through the vapor 

40 duct 2=9, and a vapor conduit 50. These 
vapors may be passed directly through 
a condenser 51 where they are brought 
into indirect heat exchange with a cool- 
ing medium such as water to condense 

45 any of* the more easily condensable 
materials, such as fatty acids as well as 
certain sterols, etc. Any condensate may 
be collected in a receiving tank 52 which 
mav be vented back to the vacuum 

50 through a line 5& The vapors including 
steam not condensed in the condenser 51 
may be passed through a^ plurality of 
vacuum boosters such as 54 and 55 in 
series. Such vacuum boosters are well 

55 ]cnown in the art and include a Venturi 
passageway with a steam jet directing 
steam axially in the direction of vapor 
flow into the restricted portion of the 
Yenturi' passage. For example, the 

80 vacuum boosters 64 and 55 may increase 
the 4 absolute pressure from approximately 
1.5 "mm. of " mercury to approximately 
35 ■mm. of mercury. The vapors from 
the vacuum booster 55 may be introduced 

65 directly into "a condenser system prefer- 



ably comprising- a plurality of jet 
condensers such as condensers 56 and 57 
in series. Any n on- condensable gases 
may be removed from the condenser 
system by means of a plurality '»f 70 
vacuum boosters 58 and 59. 

In general, it is not necessary to main- 
tain the heating chamber 17 and steam 
treating chambers 41, 43 and 46 under 
as high a vacuum as the deodorizing 75 
chamber 26 and the vapors withdrawn 
from these chambers through the duets 
29 may be delivered to a vacuum mani- 
fold 60 connected through a duct 61 to a 
vacuum booster 62 which also discharges qq 
into the condenser 56. The absolute 
pressure in the steam treating chambers 
may thereby be maintained between 
approximately 2 mm. and 5 mm. uf 
mercury and preferably about 3 mm. The 55 
manifold vacuum 60 is preferably coaled 
by a cooling jacket 62 1 and any materials 
condensed thereiu may be collected in 
the receiving tank 63 vented back to the, 
vacuum by a pipe 64. The constant level 90 
feed tank 11 may also be connected to the 
vacuum system through the pipe 65 and 
the storage tank 48 for receiving cooled 
and deodorized oil from the cooler 4i 
may likewise be connected to the vacuum 95 
system through a pipe 66 so that the oil 
is maintained under vacuum in the 
entire system from the feed tank 11 until 
it is discharged from the system. 

The jet condensing system preferably 100 
is operated with a barometric head main- 
tained by the pipe 67 although any other 
suitable arrangement for withdrawing 
condensed vapors along with the water 
used to condense the vapors, such as a JQ5 
pump and a constant level device, may 
be employed if desired. 

The condensed material and cooling 
water may be delivered into a settling 
tank 68. The condensed materials includ- 110 
ing fatty acids and unsaponifiables such 
as tocopherols, sterols, etc., are all of 
less specific gravity than the water and 
collect on the upper surface of the 
settling tank. They may be withdrawn 115 
from the settling tank through a pipe 60 
and the water withdrawn through a pipe 
70. The condensed materials from the 
receiving tanks 52 and 63 may be with- 
drawn therefrom by means of a pump 71 120 
and either discharged from the process 
through the. pipe 72 or into the settling 
tank 68 through the pipe 73. By manipu- 
lation of the various valves shown, the 
pump 71 may be, from time to time, 125 
employed to discharge the material from 
either the receiving tanks 52 or 63 indivi- 
dually from the process or to the settliirr 
tank fi8. ' In the latter rn<e. all of the 
condensed material is discharged 130 



together from Hie process ihrnugh fho 
pipe 69. 

A* modified form of vaporizing' chani- 
ber ^ is shown in Fig. 5 which is 
5 particularly suitable for employment as 
the heating chamber of Fig. 1. This 
chamber is the same as that shown in 
Fi ! g3. 2 and 3 except that a plurality of 
heat exchanger pipes 74,- may be posi- 

10 tioned in the lower portion thereof so 
as to be below the level of the oil. The 
heat exchanger pipes 74 may be provided 
with a plurality of annular fins 76 as 
shown most clearly in Fig. 6. . Otherwise 

15 the structure of lie vaporizing chamber 
of Figs. 5 and fi may be the same as 
•that of Figs. 2 -and 3, and the same 
reference numerals have been applied to 
equivalent elements. The vaporizing 

20 chamber structure shown in Fig. 5 mav 
tluis bo employed to heat the oil as well 
as for steam treating the oil under 
vacuum conditions and in addition to it* 
use as a heating chamber 17 may also 

26 he employed as the deodorizing chamber 
26 since the heat exchanger tubes 74 in 
the Lower portion thereof may be 
employed to prevent a drop in tempera- 
ture of the oil in the deodorizing cham- 

30 ber or even to somewhat increase the 
temperature of the oil therein. 

The' oil being deodorized in a-ccor dance 
with the present process is subjected to 
high temperature-high vacuum treat- 
35 ment in the deodorizing chamber 26 
while being intimately contacted with 
steam. The' steam introduced into *Hie 
deodorizing chamber through the pipe 27 
cames the oil from the shallow bath in 

40 the chamber upwardly tiirough the aper- 
tures in the central portion of the screen 
31. That is to say, bubbles of steSam 
rising through the oil are broken into 
smaller bubbles in passing through the 
45 apertures in the screen and a layer of 
foam, made up of fine bubbles having 
small amounts of steam and vapors 
surrounded by a thin film of oil, collects, 
on the upper surface of the screen. This 

$0 foam flows outwardly from the central! 
portion of the screen toward the sides of 
the rhumber and the bubbles constantly 
break to release oil, which oil _ flows 
downwardly through the apertures in the 
55 screen adjacent the side edges thereof. 
The thin film of oil fanning the bubble 
walls is therefore brousrht into intimate 
contact with the steam to assist in releas- 
ing vapors of vaporizaMe materials from 
™ the oil and a lateral circulation is set up 
in the vaporizing chamber whereby the 
oil is repeatedly carried upwardly 
through the apertures in the screen bv 
the steam, and returned through the edffe 

6& portions of the ween.. The oil gradually 



progresses from the inlet lend of the 
deodorizing chiuuber to the discharge end 
while being repeatedly treated" with 
steam. The vapOTs released from the oil 
into the steam are constantly withdrawn 70 
from the deodorizing chamber. The layer 
of foam on top of the screen remains 
relatively quiescent since the screen 
prevents violent surging and splashing 
of the oil in the shallow bath of oil in 76 
the chamber. The screen thus performs 
both a mixing operation between the oil 
and steam and a separating operation 
above the screen after the steam has been 
thoroughly mixed with the oil. Entrain- 80 
ment of oil in the vapors withdrawn 
from the chamber is largelv eliminated, 
the baffles 33 of Figs. 2 'and 3 also 
assisting in eliminating entrainment of 
oil since the vapors must make abrupt 85 
changes in direction flowing past the 
baffles 33 into the vapor ducts 29. A 
similar action takes place in the heating 
chamber 17 and the steam treating 
chambers 41, 43 and 416, the treatment in 90 
the latter -chambers being at progres- 
sively lower temperatures, as discussed 
below. 

As stated 'above, the most critical 
portion of the heating system appears to 95 
be the initial heating of the oil from 
ambient temperatures up to temperatures 
in the neighborhood of 400° F., i.e., to 
a temperature of 350° to 450° F. In even 
the best type of heaters for heating a 100 
stream of oil by indirect heat exchange, 
such as the finned tube heater of Fig. 4 
with large heating surfaces at a small 
temperature differential with respect to 
the oil, films of oil and deposits on the 105 
heating surfaces result in burning or . 
scorching' of films of oil or deposits unless ». t 
the heaters are frequently taken out of 
service and cleaned. By heating a body 
of oil in contact with heated surfaces 110 
while vigorously agitating the oil with 
steam, for example, in a heating cham- 
ber such as shown in Fig. 5, these 
difficulties can be overcome. The oil is 
maintained in constant circulation in 115 
paths extending laterally of the heating 
chamber by distributing' steam into the 
lower portion of the ciamber through 
the perforated pipe 30. The oil is carried 
upwardly past the finned heating tubes 120 
74 in the central portion of the chamber 
and downwardly and inwardly past the 
finned heating tubes adjacent the side 
portions of the chamber. The steam and 
rapid circulation of the oil prevent any 125 
stationary films or deposits from remain- 
ing on the heating surfaces. 

The oil being heated also gradually 
moves axially of the heating chamber 
from the inlet to the outlet thereof and 130 
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by flowing' the lientmg' medium rounter- 
currenl: to the flow of oil tiirough the 
chamber, rapid and elective heating of 
the oil is accomplished. The amount of 
5 steam passed through the oil need be only 
that necessary to produce effective agita- 
tion of the oil and may, for example, be 
from 0.005 to 0.015 lbs. per pound of 
oil treated, the usual amount being 
10 approximately 0.01 lbs. 

The heating chamber is also preferably 
maintained under vacuum conditions. 
The vacuum removes any air not removed 
in tbo feed tank 11 and also a con- 
15 siderajble amount of volatile material is 
vaporized and removed. This reduces the 
vaporizing load on the deodorizing 
chamber 26 and also removes vaporiz- 
able, heat-sensitive materials which may 
20 he present before the higher temperatures 
contemplated in the present process are 
reached. After the initial heating step 
just described, the oil leaving the heat- 
ing chamber 17 may then be passed 
25 through the heaters 19, 20 and 21 with- 
out difficulty since the viscosity of the 
oil is sufficiently low to eliminate for- 
mation of stationary films. Care should, 
however, he exercised to prevent local 
30 overheating of the oil, fo r example, by 
employing heat exchangers of the type 
shown in Fig. 4 and maintaining a low 
differential between the temperature of 
the heating medium and the oil in any 
35 rjortion of the heat exchangers. For 
Example, such temperature differential 
should not be greater than about 100° F. 
in the heaters 19 and 20 and not irreater 
than about 50° F. in the heater 21. It 
40 will be understood that heat exchangers 
similar to the heat exchangers 19, 20 and 
21 may be employed for the initial heat- 
ing of the oil instead of the heating 
chamber 17 if such heat exchangers are 
45 frequently cleaned. 

"When an edible glyceride oil of the 
type above discussed is heated to tem- 
peratures between 500° and 600° F. a 
small amount of cracking or other 
50 modification :of the oil takes place which 
produces vaporizable materials impart- 
ing a disagreeable flavor to the oil. This 
flavor is robbery in nature and may be 
called a "cooked" odor and taste. So'long 
55 as the oil remains in the deodorizing 
chamber under high vacuum and in 
intimate contact with steam, these dis- 
agreeable flavor producing materials are 
withdrawn as fast as they are produced. 
60 However, any attempt to' cool the oil in 
the absence of steam results in the 
"cooked" flavoT referred to above, this 
flavo appearing even if the oil from the 
deodorizing chamber 26 is immediately 
65 passed through a cooler. That is to say. 



even the short length of time in which 
the oil is flowing in pipes to or through 
the intial portion of the cooler results in 
the appearance of a disagreeable odor and 
taste. It has been found that by cooling 70 
the oil in the presence of steam and 
under a lugh vacuum, that the flavor 
producing materials can he removed, ft 
is entirely possible to cool the oil while 
treating it with steam continuously, for 75 
example, in vaporizing chambers of the 
type shown in Figs, o and 6, in which 
a cooling medium is passed through the 
cooling tubes 74 but more rapid cooling 
and equivalent results may be obtained 80 
by passing the oil alternately through a 
plurality of coolers and steam treating 
chambers such as coolers 39, 42 and 44 
and steam ireating chambers 41, 43 and 

85 

If the oil in the cooler 39 is not 
cooled -substantially below 400° F. a 
steam treatment at 'this temperature will 
effectively remove the cooked flavor 
which appears in the cooler 39 and asso- 90 
ciated pipes. Some of the cooked flavor 
of the treated oil will again appear in 
the cooler .42 at a temperature of around 
400° F. and the oil may be again 
treated hi a steam treating' chamber 43 95 
at a temperature preferablv just slightly 
below 400° P., after which the oil may 
be again cooled in a- cooler 44 to a tem- 
perature in the neighborhood of 325° to 
860* P., and again steam treated at 100 
approximately this temperature. A small 
amount of cooked flavor will even occur 
m the cooler 44 but this flavor ;< 
removed in the steam treating chamber 
46. The oil removed from the chamber 105 
40, which may have a- temperature below 
350 • F., may thereafter be cooled in the 
cooler 47 to any desired lower tempera- 
ture, for example, a temperature of 
90° F. without any further appearance 110 
of the cooked flavor. As stated above, 
the vacuum in the steam treating cham- 
bers 41, 43 and 46 need not be a* high 
as that in the deodorizing chamber but 
the absolute pressure i n such steam 115 
treatment chambers is preferably not. 

' ll S?i H?r ^ 10n *^ mm ' °t niercv -ry absolute. 

The ^referred operation of the present, 
invention thus involves heating the oil 
in a body of oil under vacuum while 120 
being vigorously agitated with steam to 
a temperature between 350° and 450° F. 
and preferablv above 435° F., further 
heating the oil to a temperature between 
approximately 500° and 000° F. and pre- 125 
lerably about 545° F. then steam 
treating the oil at such temperature in a 
shallow bath having a baftle arrange- 
ment to both mix and separate the 7-ii 
and steam above the bath, while the oil 130 



701,033 11 



is under an absolute pressure of J to 3 in approximately 5 minutes. It may then 

nun. otf mercury and preferably about be heated in the heater 20 from appro 

1.5 mm to deodorize the oil, the deodoriz- mately 460° F. to 600° F., again in 

ing treatment being followed by similar approximately 5 minutes, and in the 

6 steam treatments of the oil at progres- heater 21 from approximately 500* to 70 

sively lower tempera tures beginning at 545 5 F. in approximately 6 minutes. The 

least as high as 400° F. and ending at nil may be passed through the deodoriz- 

least as low as 350° F. and preferably ing chamber 26 in approximately 20 

325° F. The absolute pressure in the minutes while being treated with steam, 

10 initial heating operation and in the as above described, under an absolute 75 

steam treating operations after the pressure of approximately 1.5 mm. of 

deodorizing step is preferably less than mercury. The amount of steam intro- 

ahout 5 mm. and preferably about 3 mm. duced into the oWdorizing chamber may 

of mercury. The amount of steam passed be approximately 0.015 lbs. per pound of 

15 through the deodorizing step may range oil treated. This steam may be super- 80 

between approximately 0.01 and 0.35 heated steam having a temperature 

lbs. per pound of oil* preferably about approximately that of the oil in the 

0.02 lbs, and the amount of steam passed treating chamber, but with the small 

through l. the oil in the initial heating step amount of steam employed, it has been 

20 and also in each treating step following found that steam at a .considerably lower 85 

the deodorizing step being between temperature than the temperature of the 

approximately 0.01 and 0.02 lbs. per oil may be employed. For example, 

pound of oil, and preferably about 0.015 steam having a temperature of 350° F., 

lbs. Thus the total amount of steam under a pressure of 120 lbs. per square 

26 employed for contacting the oil may inch is entirely -suitable. The steam 90 
range between approximately 0.05 and introduced should, however, preferably 
0.43 lbs. per pound of oil. The time of have at least a small amount of super- 
treatment in each of the heating, heat in order to avoid any possibility of 
deodorizing and subsequent steam treat- small droplets of water being introduced 

30 ing steps may range between 15 and 30 with the steam. iSuch oToplets of water 95 

minutes, preferably about 20 minutes tend to produce small explosions inter- 

and the time iu each of the heaters 19. fering with the proper operation of the 

20 and 21 as well as the coolers, 39, 42 apparatus. When employing a vaporiz- 

and 44 will average from 4 to 6 minutes, ing chamber iof the type shown in Figs. 

35 The total time the oil is above 400° F. 2 and 3, the temperature will drop some- 100 

will therefore be approximately 45 what in the deodorizing chamber, for 

minutes to 1^ hours. The size of the example, from approximately 545° F. to 

chambers for heating, deodorizing and approximately 530° F., but if a deodoxiz- 

subsequent heat treating may vary, ing chamber similar tra that shown, in 

40 depending upon the throughput desired Figs. 5 and 6* is employed, the tempera- 105 
but may hold, for example, between ture entering the deodorizing chamber 
approximately 1,000 to 3,000 lbs. of oil may be as low as' 540° F... and this 
with oil depths therein ranging between temperature may be maintained tb rough- 
approximately 10 to 20 inches, the out- the chamber. 

46 height of the screen or baffle above the Upon being withdrawn from the 110 
normal level of the oil preferably rang- deodorizing chamber 26, the oil may be 
ing between approximately 1 and cooled in the -cooler 39 to approximately 
2k inches although the. screen may 415° F. and subjected to steam treat- 
he at approximately the normal level of ment in the treating -chamber 41 for 

50 the oil or even slightly below. approximately 20 minutes. It may be 115 

As a specific example of a deodorizing withdrawn from the steam treating 
operation on soya bean oil in accordance chamber at a temperature of a.pproxi- 
with the present invention, the oil enter- mately 405° F. and cooled to a. temper- 
ing the heating chamber 17 may be a tuTe of approximately 400° F. in the 

56 refined and decolorized soya bean oil at cooler 42 and then subjected to steam 120 
ambient or moderately elevated tempera- treatment in the treating chamber 43, 
tures. It may be heated in the heating again for approximately 20 minutes. It 
chamber 17 to approximately 435° F. in may be withdrawn from the chamber 43 
approximately 20 minutes Vhile under at a temperature of approximately 390° 

•60 an absolute pressure of 3 mm. of mer- F., and cooled to approximately 325 s F. 125 
cury and while approximately 0.015 lbs. in the cooler 44 and again treated with 
of steam per pound of oil is passed steam in the chamber 46, being with- 
through the oil. The oil may then be drawn therefrom at a temperature of 
heated in the heater 19 from approxi- approximately $10° F. It may then he 
65 mately 435° to approximately 460 9 F. cooled in the* cooler 47 to a temperature 130 
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of 'approximately \W V. The vacuum 
maintained iu the cooling* chambers jnav 
be approximately :} mm. of mercury 
absolute aJid the amount, of steam iutro- 
6 duced into each, of the cooling chambers 
may he approximately .0.015 lbs. per 
pound of oil treated.* Thus the total 
amount of steam used to contact the oil 
in the deodorizing: chamber and steam 
10 treating chambers may be approximately 
0.075 lbs. per pound of oil treated. Also, 
the amount of steam passed through the 
oil in the heating chamber 17 may he 
0.01 lbs. per pound of oil giving a total 
15 of 0.085 lbs. per pound of oil employed 
to treat the oil in the process. Each of 
the chambers 17. 26, 41, 43 and 46 niav 
bold 2500 lbs. of oil with an oil depth 
therein of 11 inches to give a throuirh- 
20 put of 7500 lbs. of oil per hour. 

The oil withdrawn from the process, 
even in the case of soya bean or other 
reverting oils, is a high quality oil 
having a bland flavor and being substan- 
25 felly free from any tendency tn revert, 
even a t cooking temp era hires. The 
present process also removes or modifies 
the materials found in most edible gly- 
©eride oils ^ which cause reversion after 
30 hydrogenation. It is well known that 
edible glyceride oils, in general, when 
subjected to a hydrogenation treatment 
develop a hydrogenated flavor which has 
been likened to the odor of a snuffed 
35 tallow candle. Such flavor can be 
removed from the hydrogenated oil by a 
conventional deodorizing treatment, for 
example, in the batch treatment of the 
prior art, but. many hydrogenated oils 
40 develop an off flavor after such deodoriz- 
ing treatment-. Deodorization of oil in 
accordance with the present invention 
employing high Ite-mpera-tures and low 
vacuum with intense treatment with 
46 steam as well as a proper cooling proced- 
ure results in an oil which does not 
revert after hydrogenation. In other 
words, the oil discharged from the 
present, process anay be hydrogenated and 
50 the hydrogenation flavor above discussed 
will he developed therein. However, by 
subjecting such oiLs to a subsequent mild 
deodorizing treatment or even the batch 
treatment of the prior art, a blond oil 
55 is oroduced which does not revert. 

The high temperatures and low pres. 
sures of the present invention, in con- 
junct ion with the intimate contact with 
steam, discussed at length above, results 
6C in the removal of a substantial amount 
of vaporizable materials from tbe nil. 
This material is condensed and recovered 
from the process and constitutes a 
valuable by-product. Thus, in the cnse (if 
65 soya beau oil, it contains a substantial 



luminal, of tocopherol as well as sub- 
stantial amounts of various >torols. The 
unsaponifiable content of a refined, 
decolorized soya bean oil will usually be 
in the neighborhood of 0.7% to 0.8%, 70 
the tocopherol content being approxi- 
mately 0.15%. Prior deodorizing pro- 
cesses have reduced the unsaponifiable 
content to approximately 0.6% without 
-substantial reduction of the tocopherol 75 
content, whereas the present process 
reduces the unsaponifiable content to 
0.4% o r 0.5 % and the tocopherol con- 
tent to 0.04% or less, even in some 
instances down to Q.01%. The tocopherol 80 
content of the final soya bean oil is an 
index of the resistance of the oil to 
reversion. It is not definitely known that 
the tocopherol content of a deodorized oil 
causes, reversion, but it lias been found 85 
that the conditions in the present process 
effecting substantially complete removal 
of tocopherols also "cause substantially 
complete removal or modification of the 
substances producing reversion. 90 

Another index of the resistance of the 
oil to reversion is the. so-called E-value 
or specific absorption coefficient deter- 
mined bv the Beckmann spectrophoto- 
meter. ^ The E-value at any given wave 95 
length is Hie logarithm of the ratio of 
the intensity of the radiation transmitted 
through a column of suitable solvent 
I cm. long to the intensity of radiation 
transmitted through the * same length 100 
column of a one per cent solution of the 
oil in the solvent. It is accepted that a 
definite peak or maximum at approxi- 
mately 534 nm indicates conjugation of 
two double bonds in the hiiy acids of 105 
the oiL i.e., dren e conjugation." Similarly 
a definite peak or maximum at approxi- 
mately 268 mu is accepted as indicating 
a conjugation of three double bonds in 
the fatty acids, i.e., triene conjugation. 110 
The E-valu* at 234 mu increases with 
time and temperature of treatment of tli* 
oil Thus, for soya bean oil. tests indi- 
cate that a process involving time and 
temperatures which approach an E-value 115 
at 234 mu which is not water than 
about 10 will yield n satisfactory noiu 
reverting orl for use as an unhnrdened ' 
oil It 'the oil is to he subsequently 
hardened, i.e., hydrogenated. it U 120 
possible and m some instances desirable 
to continue treatment for a sufficient 
period of time at a sufficiently hiVli tem- 
perature to increase tbe 234 mu E-vnlu^ 
to a maximum of approximately il.o ji 125 
is to be understood, however. ' that the 
mere increase of th* E-vahies of a. 
glycende oil within the rnnw *tot*tl 
ohnve does not. n f itself, produce \ 
desirable product Tt is only* when Ihe 130 
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un&aponifiable content is reduced to 
apiiroximately lialf of the original con- 
tent while still maintaining an E-value 
within the range above-discussed, for 

£ example, by a process similar to that of 
the present invention that a stable, non- 
reverting oil is produced. In the case of 
a soya bean oil, the tocopherol content 
must likewise be reduced to 0.04% or 

10 less. 

In addition to producing an improved 
finished oil substantially free from odor 
and taste todies and other volatile 
materials, the volatile materials removed 
15 from the oil are recovered from 
the process and condensed as a 
valuable concentrate. This concen- 
trate contains sterols and various 
i'at-soluble vitamins, depending upon the 
20 »il being treated, which, may be 
separately recovered from the concentrate 
by known procedures suoh as molecular 
distillation or solvent treatment. The 
unsaponifiable concentrates recovered 
26 from the process of the present invention 
without iurther purification except for 
the removal of water, will contain 
approximately 25% to 50% unsaponi- 
fiables including approximately 6 to 10 /o 
30 tocopherols in the case of a soya bean 
oil The concentrate may ako contain a 
substantial amount of fat-soluble ■ vita- 
mins such as A and D, depending upon 
the oil being treated. Several hundred 
36 pounds of concentrate are recovered from 
each tank car of oil treated and the 
value of the distillate fraction recovered 
constitutes one of the important advan- 
tages of the process. That- is to say, 
40 under certain conditions the process can 
be operated at a substantial profit based 
on the sale of the distillate fraction alone 
apart from the fact that an improved oil 
is produced. For this reason, among 
- 45 others, tlie high temperature process oi 
the present invention is applicable to 
non-conjugated glyceride oils in general, 
even though the oil can be satisfactorily 
deodorized by prior processes. Subatan- 
60 tially all of the glyceride oils contain 
sterols including fisb oil and fish, liver 
oils which, in general, contain chole- 
sterol The process may then become 
primarily a process for the recovery of 
65 unsaponifiables from non-conjugated 
glyceride oils without damage to tlie oils 
or to the unsaponifiables 

A typical example of tie toial distil- 
late fraction from a tank car of soya bean 
80 oil is as follows: 



Patty Acids 
Neutral Oil 
Moisture 



20; o 66 
3<J— 44% 



Total Distillate per car 
Acid No. - 
Total Unsaponifiables - 
Tocopherols - 



500 lbs. 
40 

25—30% 
8% 



What we claim is; — 

1. A j>rocess of deodorizing glyceride 
oik, which comprises, rapidly heating 79. 
said oil to «a temperature of not less than 
500° P., successively subjecting shallow 
pools of oil while at said temperature to 
steam treatment under vacuum condi- 
tions discontinuing said treatment at 75 
said temperature before damaging tie 
glycerides of . said oil, and thereafter 
successively treating said shallow pools 

of oil with steam under vacuum condi- 
tions at progressively lower temperatures go 
the final temperature of said treating at 
said lower temperature being not higher 
than approximately 350° F. 

2. A process according to claim 1, 
wherein said shallow pools of said oil are 86 
quickly heated to a temperature between 
approximately 000° F, and 000° F., and 
said successive treating of said shallow 
pools of said oil at- progressively lower 
temperatures begin* at a- temperature Q0 
above approximately 400 1 * F. 

3. A process according to claim 1 or 2. 
wherein said oil is in stream flow. 

4. A process of deodorising glyceride 
oik by steam treatment of said oil at 95 
elevated temperatures and under vacuum 
conditions, which process comprises, 
ijuiekly preheating said oil to a tempera- 
ture between approximately 500° and 
600° F., treating said oil" with steam^QO 
while the oil is at said temperature by 
passing steam upwardly through shallow 
pools of the heated oil, withdrawing 
steam and vapors from above said oil to 
maintain said vacuum and baffling the jq6 
escape of steam from the upper surface 

of said oil to thoroughly mix oil and 
ste'am adjacent said upper surface and 
then produce separation of steam and 
vapors from said oil, discontinuing said jjq 
treating at said temperature before 
damaging the glycerides of said oil, 
thereafter cooling said oil and continuing 
said treating of said shallow pooh of oil 
with steam under vacuum conditions at ^ 
progressively lower temperatures, the 
final temperature of said treating at said 
lower tempertaures being not substan- 
tially higier than 350° F. 

5. A process according to any of the \2Q 
preceding claims, ^wherein the total time 
that the oil is maintarnea above a tem- 
perature of 400* F. in said process is 
between approximately 46 minutes and 

lh iours. 125 

6. A process of deodorizing glyceride 
oils, which comprises rapidly beating 
sard oil to a temperature between 
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approximately 500° and 600° F. while 
avoiding substantial local overheating of 
any portion of said oil, treating- the 
heated oil by passing- steam upwardly 

5 through shallow pools of said oil, with- 
drawing vapors and steam from' above 
said oil at a rate sufficient to maintain 
an absolute pressure* at least as low as 3 
mm. of mercury and baffling the steam 

10 escaping from the upper surface of said 
shallow pools of oil to thoroughly mix 
the oil and steam adjacent said upper 
surface and discontinuing said treating 
at said temperature before damaging the 
16gly c erides of said oil and promptly 
separating steam and vapors from said 
oil, and thereafter cooling said oil and 
continuing said treating of said shallow 
pools of oil with steam under vacuum 

20 conditions at progressively lower tem- 
peratures until the temperature of said 
oiHs below approximately 350° 1\ 

7. A process according to claim (i, 
wherein said shallow pools of oil are 

25 agitated by steam while being rapidly 



heated to a temperature between 350' 
aud4o(J : F., and the heating of said oil 
is then continued in stream flow to a 
temperature between approximate! v 0UU 3 
and G00° F. 30 

S. A process according to any of the 
preceding claims, wherein during treat- 
ment at progressively lower temperatures 
said shallow pools of oil are maintained 
under an absolute pressure at least as 35 
low as 5 nun. of mercury. 

9. A process according to any of the 
preceding claims, wherein the amount of 
steam employed to treat said oil m said 
process ranges between approximately 40 
U.05 and 0.43 pounds per pound of oil. 

10. Deodorized glyceride oils when- 
ever prepared by the process herein 
before claimed. 

11. A process of deodorizing glyceride 46 
oils substantially as herein described. 

STEVENS, LA3TGNER, PARRY £ 
ROLLIXSOX, 
Chartered Patent Agents, 
Agents for the Applicants. 
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